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OBJECTIVESOBJECTIVES

�Characteristics of fungi relevant to medicine
� Immune response against fungal infectionp g g
�Mechanism of action of antifungal drugs

� Treatment of mycotic diseasesy

Activities of fungi - specialActivities of fungi special
relevance to medicine

1. Extracellular enzymes/components
2. Polyol production
3. Metabolites
4. Trace elements



Extracellular enzymes/components
� Degrade polymers for cell nutrition

� Carbohydrates: mono- and disaccharides

Extracellular enzymes/components

� Carbohydrates: mono- and disaccharides
� Proteins: di- and tri-peptides

� Associated with wall and released from cell
Vi l f� Virulence factors
� e.g.; keratinase attack skin protein -> Dermatophytes.
� Collagenases:  Zygomycetes (rhinocerebral zygomycosis).

� Antigenic
� Modify the wall to allow branching: spore release
� Interact with defense in macrophages (evasive� Interact with defense in macrophages (evasive

mechanisms):
catalase:  H2O2 � H2O + O2

Polyol production:Polyol production:
� Nutrient sources
� Free radical scavengers may help 

protect against phagocytic killing
D it l d D bi it l� D-mannitol and D-arabinitol are 
produced by several fungi.

D-arabinitol D-MannitolD-arabinitol D-Mannitol



Diagnostic value:Diagnostic value:
1. D-arabinitol (yeast)

Produced during invasion by many Candida species:Produced during invasion by many Candida species:
C. albicans
C. tropicalis
C. parapsilosis

Cleared by kidneys in same manner as creatinine.  Elevated 
arabinitol:creatinine ratio associated with invasive disease since 
arabinitol is higher than expected levelarabinitol is higher than expected level

2. D-mannitol (filamentous fungi)

Aspergillosis

Cryptococcosis

MetabolitesMetabolites
Many metabolites excreted in varying amounts y y g
depending of the nutrient balance: not 
necessarily during human infection.

Many industrial uses

penicillinpenicillin
cyclosporin A
ethanol
oxalic acid
citric acid



Trace elements
Iron (Fe)
� Battle for iron between host transferrin/ lactoferrin 

and the fungus.
� Some fungi produce iron chelators that transport 

Fe into cellsFe into cells.
� Ringworm species (dermatophytes) unable to 

compete – may explain why restricted to dead cell p y p y
layers of skin, and hair and nail.

� Histoplasma capsulatum and Penicillium Marneffei-> 
i t ll l thintracellular pathogens. 
� Glutathione-dependent extracellular ferric reductase 

� Zygomycosis and iron chelator (deferoxamine) to� Zygomycosis and iron chelator (deferoxamine) to
treat hemochromatosis. 

Immune response against 
fungal infection



� Ag. variation during development of the 
infection.

C idi ( h ddi

Aspergillus Candida
Y t d h h h hConidia spores (shedding, 

swelling and new antigens are 
expressed)

Yeast, pseudohyphae, hyphae

Switching of surface antigens 
in vivo.

Hyphal filaments 
(more antigens 
exposed)

Di ti t h t h l d ll lDistinct host humoral and cellular responses

Status of the hostStatus of the host
� Normal individuals-> Asymptomatic infectionNormal individuals  Asymptomatic infection 

or self-limited. 
� Immuno-compromised individuals� Immuno-compromised individuals

�AIDS
�Diabetes

OPPORTUNITICS
Fungi

�Diabetes
�Corticoids treatments, etc 



Non-immune factors in hostNon immune factors in host
defenses. 
� Skin, mucous membrane, competition for 

nutrients, mucocilliary clearance system  of , y y
the respiratory tract. 
�Burning, surgical wound�Burning, surgical wound
� Intravenous catheters 
�Antibiotics treatment�Antibiotics treatment 
� Iron chelators treatment (Deferoxamine)

� Hemochromatosis: genetic or acquired - > Zygomycosis� Hemochromatosis: genetic or acquired  Zygomycosis.

Host vs pathogen
“E t i ”� “Extreme immune response”
�Mediastinal fibrosis -> Histoplasmosis

� Poor immune response
�AIDS => High # Cryptococcosis  (“no 

inflammatory responses)
� Treatment with antiviral drugs-> life-threatening 

immune response inflammatory syndromeimmune response inflammatory syndrome.

� Immune-mediated hypersensitivity 
tireactions. 

�Asthma, allergic bronchopulmonary 
ill iaspergillosis. 



Innate immune system- Complement system

Phagocytosis
(opsonization)
CR1 CR3 CR4

-Chemotaxis
(C5a release)

- CR1, CR3, CR4

(C5a release)

Front Biosci (Elite Ed). 2009 Jun 1;1:1-12 

Innate immune system-

� Pentraxins (PTX3). Pattern recognition 
molecules-> impair phagocytosismolecules  impair phagocytosis 
(Aspergillosis)

� Anticandidal peptides (� defensin� Anticandidal peptides (�-defensin, 
Histatin) -> predisposition of patient with 
xerostomia (dry mouth) to oral candidiasisxerostomia (dry mouth) to oral candidiasis



Neutrophils
� Phagocytosis of opsonized or non opzonized

fungi. 
� Opsonized: Antibody or complement 
� Non opsonized: mannose and �-glucan residues 

found in the pathogens are recognized by PMNfound in the pathogens are recognized by PMN  
� Release of complement components, 

chemokine (IL-8)c e o e ( 8)
� Oxidative stress: H2O2 and Hypochlorous acid

� PMN kills hyphal structuresyp
� Microbial activity ; defensins, lactoferrin. 

Phagocytosis

Neutropenia

� Candida spp (disseminated disease)
� Aspergillus spp (52% neutropenia)Aspergillus spp (52% neutropenia)
� Zygomycosis (20%)
� Fusarium spp� Fusarium spp
� Trichosporon spp

� Chronic granulomatous disease (CGD); failure 
of NADPH oxidase-> susceptible to:of NADPH oxidase > susceptible to:
� Catalase (+) bacteria (S. aureus)
� Aspergillus sppp g pp
� Candida spp



Mononuclear cells

� Macrophage. 
�Kills efficiently conidia but not hyphal structures�Kills efficiently conidia but not hyphal structures. 
�H capsulatum can survive inside macrophages. 

R i t i l
Acquired immune system- Antibody

� B deficiency (animal model) > no effect on

Remain controversial
� B-deficiency (animal model)-> no effect on 

infection with Candida, H. capsulatum. 
� Humoral immunity -> disseminated� Humoral immunity > disseminated 

candidiasis
� Specific immune response against certain Ags. p p g g
� Cryptoccosis in patients with 

Hypogammaglobulinemia
� Pathogenesis of allergic responses to inhaled 

fungi. IgE and IgG specific to fungal Ags -
>pathogenesis of chronic rhinosinusitis>pathogenesis of chronic rhinosinusitis.



Acquired immune system- T cells

�CD4; CD8

�CD4 T helpers�CD4 T helpers
� TH1 and TH17

� Conidia and yeast->TH1. Candida spp, A. fumigatus 
( idi ) di hi f i(conidia), dimorphic fungi

� Candida spp, Aspergillus -> TH17

� TH2 -> Hyphal forms

�Disease
� C. neoformans, P.jiroveci, and dimorphic infection.
� Candida infection (mucosal infection)-> HIV 

DC (TGF � IL 6) (D ti 1)

Link: CD4 and neutrophil and macrophage
DC (TGF-�, IL-6) (Dectin 1)

Candida (�-glucan)

IL 23IL-23

TH ; CD4 T cells (IL 17A and 17B (IL 25))TH17; CD4 T cells (IL-17A and 17B (IL-25))

endothelial epithelial fibroblastendothelial, epithelial, fibroblast, 
keratinocytes

� Recruit neutrophils, 
� Augment neutrophils and   

Macrophages production in BM 
IL-6, IL-8 (CXCL8),          
G-CSF, GM-CSF

� Increase differentiation of local 
monocytes into macrophages. 
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Cell membrane 
and cell wall

Glycoproteins
(Exoenzymes)



Best target is only in fungi not in humans.
� Fungitoxic drugs:g g

� Cause fungal death
� Fungistatic drugs:g g

� Prevent further growth (gives immune system  
time to catch up)

PRIMARY ANTI-FUNGAL AGENTSPRIMARY ANTI-FUNGAL AGENTS
1. 5-fluorocytosine  (5-FC)
2. Polyenes
3. Azoles
4. Griseofulvin
5. Allylamines
6. Echinocandins
7. Whitfield ointment
8. Trimethoprim –sulfamethoxazole (*).

*Used mainly in infections caused by bacteria, 
but also for fungal infection caused by Pneumocystisbut also for fungal infection caused by Pneumocystis
jiroveci (HIV + individuals)



5-fluorocytosine (5-FC)5 fluorocytosine (5 FC)
� Fungicidal (Candida and Cryptococcus)

� Enters via cytosine permease 
� Deaminated to 5-fluorouracil (5-FU) (cytosine deaminase absent in human cells)� Deaminated to 5 fluorouracil (5 FU) (cytosine deaminase absent in human cells)

� Bone marrow suppression and alopecia
� Resistance often seen when not used in combination with other 

antifungal drugs (Candida)
� Permease reduction

I id f l ll

� Permease reduction
� Deaminase reduction

5-FC 5-FC

Inside fungal cell
5-FU

RNA 
translation

deaminase DNA
synthesis

permease
y

inhibition

Polyenes (Fungal sterols)Polyenes (Fungal sterols)
� Bind to ergosterol and form ion channels in fungal membrane
� The permeability of the fungal cell wall is altered and the intracellular 

t t l k ( t i l k)contents leak (potassium leak)
� Ergosterol: C28 sterols  (Humans cells have C27 sterols i.e.; 

cholesterol)
� First fungitoxic drugs (candida)� First fungitoxic drugs (candida)

� Nystatin
� Mucosal infection (topical) and oral to decrease intestinal levels of Candida (not absorbed)

� Amphotericin B deoxycholate: (Broad spectrum; amphotericin B lipid� Amphotericin B deoxycholate: (Broad spectrum; amphotericin B lipid
complex (ABLC), amphotericin B colloidal dispersion (ABCD), and 
liposomal amphotericin B (L-amphotericin B)

� intravenously or intraperitoneally (systemic candidiasis)

� fever, chills, and myalgia

� Nephrotoxic: azotemina, decreased glomerular filtration, loss of urinary 
concentrating ability, renal loss of sodium and potassium, and renal tubular acidosis 
(reduced nephrotoxicity if given as lipid complex or in liposomes

� Resistance is uncommon but when present usually is associated with 
reduced sterol in the cell membranes



Fungal sterolsg
Ergosterol: C28 sterols

(Humans cells have C27 
sterols i.e.; cholesterol)

Target for polyene 
tif l ( t tiantifungals (nystatin,

amphotericin B)

Eff t M h i A tif l S t d li i lEffect Mechanism Antifungals
Involved

Suggested clinical
management

Increased accumulation of Decrease in Amphotericin B Consult package insert MostIncreased accumulation of
renally-cleared drugs and/or 
drug vehicles 
Flucytosine, Fluconazole, Beta-
lactams and many others

Decrease in
glomerular
filtration

Amphotericin B Consult package insert. Most
drug dosages can be adjusted 
based on estimates of 
glomerular filtration (i.e. 
creatinine clearance) Use of alactams and many others... creatinine clearance). Use of a
lipid amphotericin B 
formulation may help stabilize 
or slow declines in renal 
functionfunction.

Enhanced nephrotoxicity
Aminoglycosides
C l i

Enhanced
glomerular and 
t b l t i it i

Amphotericin B Minimize co-administration of 
nephrotoxic agents whenever 

ibl C id fi t liCyclosporine
Intravenous Contrast Dye
Foscarnet and others... 

tubular toxicity in
the kidney

possible. Consider first-line
use of lipid amphotericin B 
formulation (L-amphotericin
B).



AMPHOTERICIN BAMPHOTERICIN B
Disadvantages
� Intravenous administration
� Thrombophlebitis� Thrombophlebitis
� Nephrotoxic (Blood Urea Nitrogen (BUN), 

Creatinine)Creatinine)

� Fever
Chill� Chills

� Anemia
� Long term administration

Ergosterol synthesis
Acetyl CoAPolyenes

(Nystatin  and amphotericin B)

Squalene

Squalene epoxide

Lanosterol

Ergosterol



Azoles (Candida spp, Cryptococcus neoformans)
� Inhibit lanosterol demethylase

� Inhibit Ergosterol synthesis
� Fungistatic (Wide and Broad; Dermatophytes, Systemic fungi, 

Candidiosis)Candidiosis)
� Miconazole, Ketoconazole, Fluconazole, Itraconazole*, Voriconazole*, 

Posaconazole* ((*) Aspergillus, blastomycosis and histoplasmosis)
� Oral absorption and solubility is optimal at acidic gastric pH (Ketoconazole)

Azoles specially Ketoconazole may have antiandrogenic effect adrenal� Azoles, specially Ketoconazole, may have antiandrogenic effect, adrenal 
supression and liver dysfunction.  

� Teratogenic drugs (avoid pregnant women). 
� Azole resistance in Candida albicans

� Several different types of resistance� Several different types of resistance
� Mutation in lanosterol demethylase
� Upregulation of pumps exporting drug

� ABC transporter
� MDR (multiple drug resistance) type� MDR (multiple drug resistance) type
� In 1996, 10% cases of oral candidiasis in San Francisco were untreatable with 

fluconazole.  
� Mutations in C. albicans over 2 years: AIDS. fluconazole resistance

� Different yeast species that are inherently resistant to azoles are 
appearing as important pathogens

A t l C AAcetyl CoAAzoles

Squalene

Squalene epoxide

LanosterolLanosterol
Inhibit lanosterol 

demethylase
A OL

LanosterOL
Ergosterol

AzOLes

ErgosterOL



Effect Mechanism Antifungals Suggested clinical

Consideration of therapy
Effect Mechanism Antifungals

Involved
Suggested clinical
management

Decreased serum 
concentration of a ole

Decreased
di l ti / b

Ketoconazole,
it l

Use solution formulation of 
it l th lconcentration of azole

Antacids H2 Receptor
antagonism
Proton Pump Inhibitors 

dissolution/absorp
tion of solid 
dosage form

itraconazole
(capsules),

itraconazole or other azole
if indicated (i.e. 
voriconazole)

Sulcrafate
Didanosine (oral) 

Avoid taking antacids 
within 2 hours of oral azole 
therapy

Increased metabolism of 
azole
Isoniazid, Rifampin, 
Phenytoin

Induction of 
mammalian
cytochrome-P450
mediated

Ketoconazole,
itraconazole,
fluconazole,
voriconazole,

Avoid concomitant use of 
these agents if possible. 
May require switch to 
amphotericin BPhenytoin

Carbamazepine
Phenobarbital
Ritonavir (voriconazole) 

mediated
metabolism of 
azole

voriconazole,
posaconazole

amphotericin B
formulation or 
echinocandin

Effect Mechanism Antifungals 
Involved

Suggested clinical 
management

Increased serum concentration 
of co-administered drug or 
metabolite
Oral hypoglycemics S warfarin

Inhibition of 
cytochrome P450, 
P-gp, or both

Ketoconazole,
itraconazole,
voriconazole > 
fluconazole (usual

Avoid concomitant use if 
possible. Severity of possible 
interaction is drug-dependent. 
Consult prescribingOral hypoglycemics, S-warfarin

R-Wafarin Cyclosporin, 
Tacrolimus
Phenytoin, Protease inhibitors
(saquinavir ritonavir)

fluconazole (usual
doses)

Consult prescribing
information of each drug to 
address interaction severity

(saquinavir, ritonavir)
Busulfan DiltiazemLovastatin
Isoniazid, Rifampin, Rifabutin, 
Quinidine , etc.



AllylaminesAllylamines

� Fungistatic/toxic
�Terbinafine = Lamisil®, naftidine�Terbinafine Lamisil®, naftidine
� Inhibit squalene epoxidase

� Accumulate in stratum corneum High� Accumulate in stratum corneum. High
activity for ringworm infections

Acetyl CoAy

Squalene
Allylamines

Squalene
squalene

idne
Squalene epoxide

epoxidaseAllylamines

LanosterolS ne Lanosterol

Allylamines

Squalene

Ergosterol
y

Squalene epoxide



E hi diEchinocandins
� Caspofungin, micafungin 
� Inhibit �(1-3) glucan synthetase involved in 

forming carbohydrate polymers in hyphal wallsforming carbohydrate polymers in hyphal walls.
� Approved for invasive aspergillosis and 

invasive and serious mucosal candidiasisinvasive and serious mucosal candidiasis
� Resistance when occurs has been linked to 

mutations in �-glucan synthase� g y
� Metabolism is cytochrome P450-independent

GriseofulvinGriseofulvin
� Accumulates in stratum corneum
� Oral administration
� First effective oral therapy for dermatophytes

(only fungi responding)(only fungi responding) 
� A slow acting drug used for skin and nail infections. It 

accumulates in the stratum corneum and prevent p
hyphal penetration through these layers

� Interferes with microtubules and spindle 
formation during mitosisformation during mitosis 

� Disadvantages: Photosensitivity, mental 
confusion, bone morrow suppression, andconfusion, bone morrow suppression, and 
induces P-450



Whitfield ointmentWhitfield ointment
� May be caustic and impossible to use as 

systemic therapyy py
� E.g. Salicylic acid, benzoic acid (weak acids, not 

ionized at lower pH)

HA idifi tiHA

HA H+A-

acidification
Cell wall

HA H+A-

Trimethoprim - sulfamethoxazole
� Interfering with the action of bacterial dihydrofolate reductase.

� Inhibit synthesis of tetrahydrofolic.
� Affect precursor of the intermediate Thymidine monophosphate (dTMP) 

> f DNA t b lit (TTP)-> precursor of DNA metabolite (TTP). 

� Use of trimethoprim is contraindicated during pregnancy

� Pneumocystis (Pneumocystis jiroveci) (AIDS). Also as 
prophylactic drug.



Acetyl CoA
Summary

Acetyl CoA

Squalene
Allylamines squalene

id

Squalene epoxide
(Terbinafine) epoxidase

Lanosterol
Inhibit lanosterol 

demethylase
Azoles

Ergosterol
Polyenes

(Nystatin and amphotericin B)

Summary

5-fluorocytosine Inhibit RNA translation and DNA 
synthesis

Griseofulvin

synthesis

Interferes with microtubules and 
spindle formation during mitosis 

Echinocandins
(Caspofungin

Inhibit �(1-3) glucan synthetase; inhibit 
carbohydrate polymers in hyphal walls(Caspofungin, 

micafungin)
carbohydrate polymers in hyphal walls.



D
ru
g

M
ec
ha

ni
sm

 o
f a

ct
io
n

Tr
ea
tm

en
t 

Fl
uo

ro
cy

to
si

ne
  (

5-
FC

)
In
hi
bi
t R

N
A 
an
d 
DN

A 
sy
nt
he

sis
Ca
nd

id
a 
an
d 
Cr
yp
to
co
cc
us

P
ol

ye
ne

s
Bi
nd

sp
ol
ye
ne

s;
al
te
rm

em
br
an
e

P
ol

ye
ne

s 
   

   
   

   
   

   
   

   
   

   
   

  
Bi
nd

s p
ol
ye
ne

s;
 a
lte

r m
em

br
an
e 

pe
rm

ea
bi
lit
y

-N
ys

ta
tin

M
uc
os
al
 (o

ra
l/i
nt
es
tin

al
) i
nf
ec
tio

n:
 c
an
di
da

-A
m

ph
ot

er
ic

in
B

Br
oa
d 
sp
ec
tr
um

: s
ys
te
m
ic
 in
fe
ct
io
n;
  p
en

ic
ill
io
sis

Az
ol

es
In
hi
bi
t l
an
os
te
ro
l d
em

et
h y
la
se
 

Br
oa
d 
sp
ec
tr
um

: s
ys
te
m
ic
 in
fe
ct
io
n

y
p

y

-F
lu

co
na

zo
le

De
rm

at
op

hy
te
s,
 C
an
di
da

 (e
xc
ep

tio
n:
 C
. k
ru
se
i, 
gl
ab

ra
ta
, g
ui
ie
rm

on
di
i);
 C
 

ne
of
or
m
an
s,
 C
. i
m
m
iti
s.
 

-I
tra

co
na

zo
le

De
rm

at
op

hy
te
s,
 C
an
di
da

 a
nd

 C
. n
eo
fo
rm

an
s(
IV
 n
o 
ac
ce
ss
ib
le
 in

 U
S;
 n
o 

fo
rs
ys
te
m
ic
ca
nd

id
ia
sis
);
di
m
or
ph

ic
fu
ng
i;
As
pe

rg
ill
us
;

fo
r s
ys
te
m
ic
 c
an
di
di
as
is)
; d

im
or
ph

ic
 fu

ng
i ;
 A
sp
er
gi
llu

s;
 

Ph
ae
oh

yp
ho

m
yc
et
es

-V
or

ic
on

az
ol

e
De

rm
at
op

hy
te
s,
 C
an
di
da

 a
nd

 C
. n
eo
fo
rm

an
s;
 d
im

or
ph

ic
 fu

ng
i; 

as
pe

rg
ill
us
; p

ha
eo

hy
ph

om
yc
et
es

-P
os

ac
on

az
ol

e
De

rm
at
op

hy
te
s,
 C
an
di
da

 a
nd

 C
. n
eo
fo
rm

an
s;
 d
im

or
ph

ic
 fu

ng
i; 

as
pe

rg
ill
us
;p

ha
eo

hy
ph

om
yc
et
es

as
pe

rg
ill
us
; p

ha
eo

hy
ph

om
yc
et
es

G
ris

eo
fu

lv
in

 
In
te
rf
er
es
 w
ith

 m
ic
ro
tu
bu

le
s a

nd
 

sp
in
dl
e 

De
rm

at
op

hy
te
s

Al
ly

la
m

in
es

In
hi
bi
ts
qu

al
en

e
ep

ox
id
as
e

y
In
hi
bi
t s
qu

al
en

e 
ep

ox
id
as
e

-T
er

bi
na

fin
e

De
rm

at
op

hy
te
s

E
ch

in
oc

an
di

ns
 

In
hi
bi
t b

(1
‐3
) g
lu
ca
n 
sy
nt
he

ta
se
 
Ca
nd

id
a 
an
d 
As
pe

rg
ill
us

(C
as

po
-, 

m
ic

a-
, a

ni
du

la
-

fu
ng

in

Tr
im

et
ho

pr
im

–s
ul

fa
m

et
ho

xa
zo

le
In
hi
bi
t s
yn
th
es
is 
of
 

te
tr
ah
yd
ro
fo
lic

Pn
eu

m
oc
ys
tis

jir
ov
ec
i; 
al
so
 p
ro
ph

yl
ac
tic



End



Su
pp

le
m

en
ta

l i
nf

or
m

at
io

n
pp

C
la

ss
es

 1
 a

nd
 2



Ov
er

vie
w 

of
 m

ed
ic

al
ly 

im
po

rta
nt

 fu
ng

i
Gr

ou
p

(c
rit

er
ia

Gr
ou

p 
(c

rit
er

ia
 

ba
se

d 
on

 
M

or
ph

ol
og

y a
nd

 
di

se
as

e
Di

se
as

e
Et

io
lo

gi
c 

ag
en

tDi
ag

no
st

ic
 in

 vi
vo

 
fo

rm
Di

ag
no

st
ic

 in
 

vit
ro

 fo
rm

Na
tu

ra
l h

ab
ita

t

1.
 M

old
s 

Ch
ro

m
ob

las
to

m
yc

os
is

Cl
ad

os
po

riu
m

 
Ch

es
tn

ut
 b

ro
wn

Br
an

ch
ing

 ch
ain

s o
f 

W
oo

dy
 p

lan
t

Bl
ac

k 
fu

ng
i

ca
rri

on
ii

th
ick

-w
all

ed
 

sin
gle

-c
ell

ed
 co

nid
ia

m
at

er
ial

Un
ifo

m
r c

ell
s 1

0
 u

m
 in

 d
iam

et
er

Fo
ns

ec
ae

a
Sa

m
e

Se
rie

s o
f s

ing
le-

Sa
m

e
pe

dr
os

oi
ce

lle
d 

co
nid

ia
giv

ing
 ri

se
 to

 se
rie

s
of

 se
co

nd
ar

y c
on

idi
a

Ph
ae

oh
yp

ho
m

yc
os

is
Ex

op
hia

la
Hy

ali
ne

 to
 b

ro
wn

Si
ng

le-
ce

lle
d 

co
nid

ia
W

oo
dy

 p
lan

t m
at

er
ial

j
l

i
tl

ik
ll

i
b

ll
tt

h
i

jea
ns

elm
ei

ye
as

t-l
ike

 ce
lls

,
in 

ba
lls

 a
t t

he
 a

pic
es

fila
m

en
ts,

 se
pt

at
e

of
 a

nn
ell

ide
s

hy
ph

ae
, in

 va
rio

us
co

m
bin

at
ion

s

W
an

gie
lla

Sa
m

e
Si

ng
le

ce
lle

d
co

nid
ia

So
ila

nd
sim

ila
ra

m
bie

nt
s

W
an

gie
lla

Sa
m

e
Si

ng
le-

ce
lle

d 
co

nid
ia

So
il a

nd
 si

m
ila

r a
m

bie
nt

s
de

rm
at

itid
is

in 
ba

lls
 a

 th
te

 a
pic

es
of

 p
hia

lid
es

an
d 

an
ne

llid
es

Xy
loh

yp
ha

Br
ow

n
se

pt
at

e
Sp

ar
se

ly
br

an
ch

ed
Xy

loh
yp

ha
Br

ow
n 

se
pt

at
e

Sp
ar

se
ly 

br
an

ch
ed

, 
ba

nt
ian

a
Hy

pa
he

lon
g 

ch
ain

s o
f 

sin
gle

-c
ell

ed
 co

nid
ia



O
ve

rv
ie

w
 o

f m
ed

ic
al

ly
 im

po
rt

an
t f

un
gi

 (c
on

t.)
G

ro
up

 (c
rit

er
ia

 
ba

se
d

on
ba

se
d 

on
 

M
or

ph
ol

og
y 

an
d 

di
se

as
e

D
is

ea
se

Et
io

lo
gi

c 
ag

en
t

D
ia

gn
os

tic
 in

 v
iv

o 
fo

rm
D

ia
gn

os
tic

 in
 

vi
tr

o 
fo

rm
N

at
ur

al
 h

ab
ita

t
3.

 D
im

or
ph

ic
Bl

as
to

m
yc

os
is

B
la

st
om

yc
es

R
ou

nd
 to

 o
va

l
Sm

al
l, 

ro
un

d,
 s

m
oo

th
 

W
oo

dy
 p

la
nt

s
de

rm
at

id
iti

s
ye

as
t s

 8
-1

5 
um

 in
 d

ia
m

et
er

si
ng

le
-c

el
le

d 
co

ni
di

a
m

at
er

ia
l

ha
vi

ng
 b

ro
ad

-b
as

ed
 

bu
dd

ed
 d

au
gt

he
r c

el
ls

C
oc

ci
di

oi
do

m
yc

os
is

 
C

oc
ci

di
od

es
Sp

he
ru

le
s 

30
-6

0 
um

Al
te

rn
at

in
g 

ba
rr

el
So

il
im

m
iti

s
co

nt
ai

ni
ng

 s
in

gl
e-

ce
lle

d
sh

ap
ed

 a
rth

ro
co

ni
di

a 
en

do
sp

or
es

 2
-5

 u
m

 in
 d

ia
m

et
2.

5 
- 4

 b
y 

3-
6 

um

H
i

t
l

i
H

i
t

l
O

l
i

t
ll

l
t

T
b

l
t

S
il

i
h

d
b

b
t

t
li

H
is

to
pl

as
m

os
is

H
is

to
pl

as
m

a
O

va
l, 

in
tra

ce
llu

la
r y

ea
st

s 
Tu

be
rc

ul
at

e 
m

ac
ro

-
So

il 
en

ric
he

d 
by

 b
at

, s
ta

rli
ng

 
ca

ps
ul

at
um

2-
5 

- 3
.5

 u
m

 in
 d

ia
m

et
er

 m
ic

rc
on

id
ia

 a
nd

 s
m

oo
th

-
or

 c
hi

ck
en

 d
ro

pp
in

gs
w

al
le

d

Pa
ra

co
cc

id
io

id
om

yc
os

is
P

ar
ac

oc
ci

di
oi

de
s

M
ul

tip
le

s 
bu

dd
in

g 
ye

as
t, 

ro
un

Ty
pi

ca
lly

 s
te

ril
e

Pr
ob

ab
ly

 w
oo

dy
 p

la
nt

s
br

as
ilie

ns
is

bu
dd

ed
 c

el
ls

2-
10

um
at

ta
ch

ed
to

m
at

ur
e

ce
lls

2-
10

 u
m

 a
tta

ch
ed

 to
 m

at
ur

e 
ce

lls
30

-6
0 

um
 in

 d
ia

m
et

er

Sp
or

ot
ric

ho
si

s
S

po
ro

th
rix

R
ou

nd
 to

 o
va

l y
ea

st
 3

-5
C

on
id

ia
 d

ev
el

po
in

g
W

oo
dy

 p
la

nt
 m

at
er

ia
l

sc
he

nc
ki

i
um

 in
 d

ia
m

et
er

fro
m

 s
ym

po
di

al
co

ni
di

op
ho

re
s 

an
d 

fro
m

th
e 

hy
ph

ae
yp

4 
O

po
rtu

ni
st

ic
As

pe
rg

illo
si

s
A

sp
er

gi
llu

s
Se

pt
at

e,
 d

ic
ho

to
m

ou
sl

y 
br

an
cC

ha
in

 o
f c

on
id

ia
 

Sa
m

e
in

fe
ct

io
ns

fa
vu

s
hy

pa
he

 2
.5

 - 
3.

5 
um

 in
fro

m
 p

hi
al

id
es

di
am

et
er

Sa
m

e

A
sp

er
gi

llu
s

Sa
m

e
fu

m
ig

at
us

U
su

al
ly

 s
te

ril
e,

 s
om

e
 is

ol
at

e 
fro

m
 p

hi
al

id
es

M
yc

et
om

a
M

ad
ur

el
la

gr
an

ul
es

 in
 ti

ss
ue

 a
nd

 d
ra

in
in

g
m

yc
et

om
at

is
si

nu
se

s



O
ve

rv
ie

w
 o

f m
ed

ic
al

ly
 im

po
rt

an
t f

un
gi

 (c
on

t.)
G

ro
up

 (c
rit

er
ia

 
p

(
ba

se
d 

on
 

M
or

ph
ol

og
y 

an
d 

di
se

as
e

D
is

ea
se

Et
io

lo
gi

c 
ag

en
t

D
ia

gn
os

tic
 in

 v
iv

o 
fo

rm
D

ia
gn

os
tic

 in
 

vi
tr

o 
fo

rm
N

at
ur

al
 h

ab
ita

t
2.

 D
er

m
at

op
hy

te
s

Ti
ne

a 
ca

pi
tis

M
ic

ro
sp

or
um

H
yp

ha
e 

in
 s

ca
ly

M
ac

ro
- a

nd
 m

ic
ro

-
An

im
al

s 
(z

oo
ph

ilic
)

ca
ni

s
er

yt
he

m
at

ou
s

co
ni

di
a

Ki
tte

ns
/d

og
s

le
si

on
s,

 a
rth

ro
co

ni
di

a 
w

ith
in

 a
nd

 a
ro

un
d 

ha
ir

(e
ct

ot
hr

ix
)

Th
ric

ho
ph

yt
on

H
yp

ha
e 

in
 s

ca
ly

C
on

id
ia

 o
f v

ar
io

s 
H

um
an

 (a
nt

hr
op

op
hi

lic
)

to
ns

ur
an

s
er

yt
he

m
at

ou
s

si
ze

s 
an

d 
sh

ap
es

le
si

on
s,

 a
rth

ro
co

ni
di

a 
w

ith
in

 h
ai

r
(e

nd
ot

hr
ix

)

Ti
ne

a 
co

rp
or

is
M

ic
ro

s p
or

um
H

yp
ha

e 
in

 s
tra

tu
m

M
ac

ro
- a

nd
 m

ic
ro

-
So

il 
(g

eo
ph

ilic
)

p
p

yp
(g

p
)

gy
ps

eu
m

co
rn

eu
m

co
ni

di
a

Tr
ic

ho
ph

yt
on

Sa
m

e
Sa

m
e

H
um

an
s 

an
d 

ot
he

r
m

en
ta

gr
op

hy
te

s
an

im
al

s 
(r

od
en

t, 
ra

bb
its

,e
tc

)

Tr
ic

ho
ph

yt
on

Sa
m

e
Sa

m
e

H
um

an
s

p
y

ru
br

um

Ti
ne

a 
cr

ur
i/p

ed
is

E
pi

de
rm

op
hy

to
n

H
yp

ha
e 

in
 s

tra
tu

m
C

lu
b-

sh
ap

ed
 c

on
id

ia
H

um
an

s
fll

oc
co

su
m

co
rn

eu
m

Ti
ne

a 
cr

ur
i/p

ed
is

/u
ng

iu
m

Tr
ic

ho
ph

yt
on

Sa
m

e
M

ac
ro

- a
nd

 m
ic

ro
-

H
um

an
s 

an
d 

ot
he

r
p

g
p

y
in

te
rd

ig
ita

le
co

ni
di

a
an

im
al

s
(m

en
ta

gr
op

hi
te

s)
Ti

ne
a 

cr
ur

i/p
ed

is
/u

ng
iu

m
Tr

ic
ho

ph
yt

on
Sa

m
e

Sa
m

e
H

um
an

s
ru

br
um



C
el

l w
al

l c
om

po
si

tio
n 

an
d 

ta
xo

no
m

ic
 c

la
ss

ifi
ca

tio
n 

of
 re

pr
es

en
ta

tiv
e 

p
p

m
ed

ic
al

ly
 im

po
rt

an
t f

un
gi

Pr
in

ci
pa

l c
el

l w
al

l 
po

ly
m

er
Ta

xo
no

m
ic

 G
ro

up
Ex

am
pl

es
C

hi
tin

-c
hi

to
sa

n
Zy

go
m

yc
et

es
R

hi
zo

pu
s 

ar
rh

iz
us

C
hi

tin
-g

lu
ca

n
A

sc
om

yc
et

es
(m

yc
el

ia
l)

Ps
eu

da
lle

sc
he

ria
bo

yd
ii

C
hi

tin
-g

lu
ca

n
A

sc
om

yc
et

es
 (m

yc
el

ia
l)

Ps
eu

da
lle

sc
he

ria
 b

oy
di

i

B
as

id
io

m
yc

et
es

 (m
yc

el
ia

l)
Sc

hi
zo

ph
yl

lu
m

 c
om

m
un

e

G
lu

ca
nm

an
na

n
A

sc
om

yc
et

es
(y

ea
st

)
Sa

cc
ha

m
om

yc
es

 c
er

iv
is

ea

C
hi

tin
-m

an
na

n
Fu

ng
i i

m
pe

rf
ec

ti
C

an
di

da
 a

lb
ic

an
s

B
as

id
io

m
yc

et
es

 (y
ea

st
)

Fi
lo

ba
si

di
el

la
ne

of
or

m
an

s



H
ai

r 
Pe

rf
or

at
io

n 
Te

st

U
re

as
e 

Te
st

G
ro

w
th

 
at

 3
7°

C
M

ac
ro

-c
on

id
ia

M
ic

ro
-c

on
id

ia
D

is
tin

gu
is

hi
ng

 
C

ha
ra

ct
er

is
tic

s

Tr
ic

ho
ph

yt
on

N
eg

at
iv

e
N

eg
at

iv
e

Po
si

tiv
e

Pe
nc

il 
sh

ap
ed

/c
ig

ar
 

h
d

C
lu

b 
sh

ap
ed

 to
 

if
l

th
R

ed
  r

ev
er

se
 p

ig
m

en
t

ru
br

um
sh

ap
ed

py
rif

or
m

, a
lo

ng
 th

e 
si

de
s o

f t
he

 h
yp

ha
e

H
ai

r p
er

f. 
te

st
 n

eg
.

C
lu

b 
sh

ap
ed

 m
ic

ro
co

ni
di

a

Tr
ic

ho
ph

yt
on

 
m

en
ta

gr
op

hy
te

s
Po

si
tiv

e
Po

si
tiv

e
Po

si
tiv

e
C

lu
b 

sh
ap

ed
 w

he
n 

pr
es

en
t

N
um

er
ou

s
U

ni
ce

llu
la

r t
o 

ro
un

d 
in

 g
ra

pe
 li

ke
 c

lu
st

er
s

R
ou

nd
 m

ic
ro

co
ni

di
a 

in
 

gr
ap

e 
lik

e 
cl

us
te

rs
   

  S
pi

ra
l 

hy
ph

ae
g

p

Tr
ic

ho
ph

yt
on

 
to

ns
ur

an
s

U
su

al
ly

 (-
)

O
cc

as
io

na
lly

 +
Po

si
tiv

e
Po

si
tiv

e
C

yl
in

dr
ic

al
 to

 c
ig

ar
 

sh
ap

ed
 a

nd
 si

nu
ou

s, 
if 

pr
es

en
t

N
um

er
ou

s, 
va

ry
in

g 
in

 
sh

ap
e 

an
d 

si
ze

, c
lu

b 
sh

ap
ed

 to
 b

al
lo

on
 

sh
ap

ed

M
ic

ro
co

ni
di

a 
va

ry
in

g 
in

 
sh

ap
e 

an
d 

si
ze

G
ro

w
th

 e
nh

an
ce

d 
by

 
th

ia
m

in
e

Tr
ic

ho
ph

yt
on

 
ve

rr
uc

os
um

N
eg

at
iv

e
N

eg
at

iv
e

Po
si

tiv
e

“R
at

-ta
ile

d”
 if

 
pr

es
en

t
R

ar
e 

or
 A

bs
en

t 
C

hl
am

yd
os

po
re

s i
n 

ch
ai

ns
 ty

pi
ca

lly
 se

en

C
hl

am
yd

os
po

re
s i

n 
ch

ai
ns

G
ro

w
th

 b
et

te
r o

n 
m

ed
ia

 
w

ith
 th

ia
m

in
e 

an
d 

in
os

ito
l

Tr
ic

ho
ph

yt
on

 
te

rr
es

tre
Po

si
tiv

e
Po

si
tiv

e
N

eg
at

iv
e

2-
8 

ce
lle

d 
bo

rn
e 

at
 

rig
ht

 a
ng

le
s t

o 
C

lu
b 

sh
ap

ed
 w

ith
 

sq
ua

re
d-

of
f b

as
e 

on
 

M
ic

ro
co

ni
di

a 
w

ith
 sq

ua
re

d-
of

f b
as

e 
on

 sh
or

t p
ed

ic
el

s
te

rr
es

tre
hy

ph
ae

pe
di

ce
ls

Ep
id

er
m

op
hy

to
n 

flo
cc

os
um

N
eg

at
iv

e
Po

si
tiv

e
Po

si
tiv

e
C

lu
b 

sh
ap

ed
, o

fte
n 

in
 c

lu
st

er
s

A
bs

en
t

K
ha

ki
 c

ol
or

ed
 c

ol
on

y 
w

ith
 

br
ow

n 
re

ve
rs

e
M

ic
ro

co
ni

di
a 

ab
se

nt

M
i

P
iti

P
iti

N
A

F
id

th
i

k
h

T
i

ll
b

t
F

id
h

ll
d

M
ic

ro
sp

or
um

ca
ni

s
Po

si
tiv

e
Po

si
tiv

e
N

A
Fu

so
id

,  
th

ic
k,

 ro
ug

h 
w

al
le

d 
w

ith
 

re
cu

rv
ed

 a
pe

x

Ty
pi

ca
lly

 a
bs

en
t

C
lu

b 
sh

ap
ed

 if
 p

re
se

nt
Fu

so
id

, r
ou

gh
 w

al
le

d 
m

ac
ro

co
ni

di
a

w
ith

 re
cu

rv
ed

ap
ex

M
ic

ro
sp

or
um

 
gy

ps
eu

m
Po

si
tiv

e
Po

si
tiv

e
N

A
El

lip
so

id
al

 to
 

fu
si

fo
rm

, t
hi

n,
 

R
h

ll
d

M
od

er
at

el
y 

ab
un

da
nt

   
 

C
lu

b 
sh

ap
ed

Th
in

 w
al

le
d 

m
ac

ro
co

ni
di

a
Ta

w
ny

-b
uf

f g
ra

nu
la

r 
gy

p
R

ou
gh

 w
al

le
d

co
lo

ny

M
ic

ro
sp

or
um

 
na

nu
m

Po
si

tiv
e

Po
si

tiv
e

N
A

Ty
pi

ca
lly

 2
 c

el
le

d 
 

Pe
ar

 o
r e

gg
 sh

ap
ed

R
ou

gh
 w

al
le

d

C
la

va
te

 w
he

n 
pr

es
en

t
2 

ce
lle

d 
pe

ar
 sh

ap
ed

 
m

ac
ro

co
ni

di
a



Pa
th
og
en

Fu
ng
al
 li
ga
nd

(s
)

Ph
ag
oc
yt
ic
 re

ce
pt
or
(s
)

As
pe
rg
ill
us
 fu

m
ig
at
us

M
an
na
ns
, B

‐g
lu
ca
ns

DC
‐S
IG
N
, d
ec
tin

‐1
p

g
f

g
,

g
,

Bl
as
to
m
yc
es
 d
er
m
at
iti
di
s

BA
D1

CR
3,
 C
D1

4

Ca
nd

id
a 
al
bi
ca
ns

M
an
na
ns
, B

‐g
lu
ca
ns

DC
‐S
IG
N
, d
ec
tin

‐1

Co
cc
id
io
de
sp

os
ad

as
ii

M
an
na
ns
,B

‐g
lu
ca
ns

DC
‐S
IG
N
,d
ec
tin

‐1
Co

cc
id
io
de
sp

os
ad

as
ii

M
an
na
ns
, B

gl
uc
an
s

DC
SI
G
N
, d
ec
tin

1

Cr
yp
to
co
cc
us
 n
eo
fo
rm

an
s

G
lu
co
ro
no

xy
lo
m
an
na
n
TL
R2

, T
LR
4,
 C
D1

4,
 C
D1

8,
 

Fc
yR
II

Hi
st
op

la
sm

a
ca
ps
ul
at
um

HS
P6

0
CD

18
, V

LA
‐5

P
i
ji

i
M

B
l

DC
SI
G
N

d
i

1
Pn

eu
m
oc
ys
tis

jir
ov
ec
i

M
an
na
ns
, B

‐g
lu
ca
ns

DC
‐S
IG
N
, d
ec
tin

‐1



TG
F-


TG
F-
,

 IL
-6

IL
-6

IL
-1

2,
 IF

N
-

IL
-4

T F
H

(IL
-2

1
IC

O
S

)
TH

1
(IL

-2
IF

N
-

)
T-

re
g

(IL
-1

0
TG

F-
)

TH
17

(IL
-1

7
IL

-6
)

TH
2

(IL
-4

IL
-5

)
(IL

21
, I

C
O

S
)

(IL
2,

 IF
N
)

(IL
10

, T
G

F
)

(IL
17

, I
L

6)
(IL

4,
 IL

5,
 ) 

C
D

8 
T 

ce
lls

/ 
m

ac
ro

ph
ag

e

E
os

in
op

hi
ls

, 
m

as
t c

el
ls

, 
pl

as
m

a 
ce

ll

B
-c

el
ls

  
Is

ot
yp

e 
sw

itc
hi

ng
, 

af
fin

it y
 m

at
ur

at
io

n

Im
m

un
os

up
re

ss
i

on
N

eu
tro

ph
ils

y



C
h

em
ic

al
 C

la
ss

Fo
rm

u
la

ti
on

s
In

d
ic

at
io

n
s

G
en

er
ic

 N
am

e
Fo

rm
u

la
ti

on
s

In
d

ic
at

io
n

s

P
o

ly
en

es
A

m
p

h
ot

er
ic

in
 B

C
, 

L,
 O

C
C

N
ys

ta
ti

n
C
, 

O
, 

O
S,

 P
, 

V
T,

 T
C
C
, 

O
C
, 

V
C

A
zo

le
s 

(I
m

id
az

o
le

s)
B

u
to

co
n

az
ol

e
C

V
C

C
l

t
i

l
C

 L
 S

 T
 V

T
D

 C
C

 O
C

 V
C

C
lo

tr
im

az
ol

e
C
, 

L,
 S

, 
T,

 V
T

D
, 

C
C
, 

O
C
, 

V
C

Ec
on

az
ol

e
C

D
, 

C
C

K
et

o
co

n
az

o
le

C
, 

S
D

, 
C
C

M
ic

o
n

az
o

le
C

 L
 S

 P
 V

S
D

 C
C

 V
C

M
ic

o
n

az
o

le
C
, 

L,
 S

, 
P,

 V
S

D
, 

C
C
, 

V
C

O
xi

co
n

az
ol

e
C
, 

L
D

, 
C
C

S
u

lc
o

n
az

o
le

C
, 

S
D

, 
C
C

Te
rc

o
n

az
o

le
C
, 

V
S

V
C

C
: 

cr
ea

m
 L

: 
lo

tio
n 

N
L:

 n
ai

l l
ac

qu
er

 O
: 

oi
nt

m
en

t
O

S
: 

or
al

 s
us

pe
ns

io
n 

P:
 p

ow
de

r

,

Ti
o

co
n

az
o

le
C
, 

V
O

V
C

O
S
: 

or
al

 s
us

pe
ns

io
n 

P:
 p

ow
de

r
S
: 

so
lu

tio
n/

sp
ra

y 
V
O

: 
va

gi
na

l o
in

tm
en

t
V
S
: 

va
gi

na
l s

up
po

si
to

ry
 T

: 
tr

oc
he

 V
T:

 v
ag

in
al

 t
ab

le
t

D
: 

de
rm

at
op

hy
to

si
s 

C
C
: 

cu
ta

ne
ou

s 
ca

nd
id

ia
si

s
O

C
: 

or
op

ha
ry

ng
ea

l c
an

di
di

as
is

 V
C
: 

vu
lv

ov
ag

in
al

 c
an

di
di

as
is

 



C
h

em
ic

al
 C

la
ss

i
Fo

rm
u

la
ti

on
s

In
d

ic
at

io
n

s
G

en
er

ic
 N

am
e

Fo
rm

u
la

ti
on

s
In

d
ic

at
io

n
s

A
lly

la
m

in
es

an
d

 o
th

er
 n

on
-

az
ol

e
er

g
os

te
ro

ls
yn

th
es

is
 

in
h

ib
it

o
rs

A
m

or
ol

fi
n

e
N

L
O

B
u

te
n

af
in

e 
H

C
l

C
D

N
af

ti
fi

n
e

C
, 

O
, 

P
D

Te
rb

in
af

in
e

C
, 

S
D

O
th

er
 a

g
en

ts
C

ic
lo

p
ir

o
x

o
la

m
in

e
C
, 

L
D

, 
C
C

N
L

O

H
al

o
p

ro
g

in
C

D
, 

C
C

To
ln

af
ta

te
C
, 

S,
 P

D

U
n

d
ec

yl
en

at
e

C
 P

 O
 S

D
U

n
d

ec
yl

en
at

e
C
, 

P,
 O

, 
S

D

C
: 

cr
ea

m
 L

: 
lo

tio
n 

N
L:

 n
ai

l l
ac

qu
er

 O
: 

oi
nt

m
en

t
O

S
: 

or
al

 s
us

pe
ns

io
n 

P:
 p

ow
de

r
S
: 

so
lu

tio
n/

sp
ra

y 
V
O

: 
va

gi
na

l o
in

tm
en

t
S
: 

so
lu

tio
n/

sp
ra

y 
V
O

: 
va

gi
na

l o
in

tm
en

t
V
S
: 

va
gi

na
l s

up
po

si
to

ry
 T

: 
tr

oc
he

 V
T:

 v
ag

in
al

 t
ab

le
t

D
: 

de
rm

at
op

hy
to

si
s 

C
C
: 

cu
ta

ne
ou

s 
ca

nd
id

ia
si

s
O

C
: 

or
op

ha
ry

ng
ea

l c
an

di
di

as
is

 V
C
: 

vu
lv

ov
ag

in
al

 c
an

di
di

as
is

 





D
ef

in
iti

on
s

an
d

N
om

en
cl

at
ur

e
D

ef
in

iti
on

s 
an

d 
N

om
en

cl
at

ur
e 

ht
tp

://
la

bm
ed

.u
cs

f.e
du

/e
du

ca
tio

n/
re

si
de

nc
y/

fu
ng

_m
or

ph
/fu

ng
al

_s
ite

/p
ag

e1
.0

1.
ht

m
l#

cl
ei

st
ot

he
ci

a

A
na

m
or

ph
A

na
m

or
ph

A
se

xu
al

 o
r "

im
pe

rfe
ct

" f
or

m
 o

f a
 fu

ng
us

; f
or

 e
xa

m
pl

e,
 S

ce
do

sp
or

iu
m

 a
pi

os
pe

rm
um

is
 th

e 
an

am
or

ph
ic

 fo
rm

 o
f t

he
 te

le
om

or
ph

 P
se

ud
al

le
sc

he
ria

 b
oy

di
i

A
rt

hr
oc

on
id

ia

C
on

id
ia

 a
ris

in
g 

fro
m

 p
re

-e
xi

st
in

g 
ce

lls
 in

 th
e 

m
yc

el
iu

m
; a

dj
ac

en
t c

el
ls

 c
ol

la
ps

e 
to

 
re

le
as

e
th

e
m

at
ur

e
fo

rm
;s

ee
fo

re
xa

m
pl

e
G

eo
tri

ch
um

an
d

C
oc

ci
di

oi
do

m
yc

os
is

re
le

as
e 

th
e 

m
at

ur
e 

fo
rm

; s
ee

, f
or

 e
xa

m
pl

e,
 G

eo
tri

ch
um

an
d 

C
oc

ci
di

oi
do

m
yc

os
is

 



A
sc

os
po

re
S

ex
ua

ls
po

re
pr

od
uc

ed
in

a
sa

c-
lik

e
st

ru
ct

ur
e

ca
lle

d
an

as
cu

s
S

ex
ua

l s
po

re
 p

ro
du

ce
d 

in
 a

 s
ac

lik
e 

st
ru

ct
ur

e 
ca

lle
d 

an
 a

sc
us

B
la

st
oc

on
id

ia
O

ne
 o

f t
hr

ee
 ty

pe
s 

of
 v

eg
et

at
iv

e 
"s

po
re

" a
ris

in
g 

di
re

ct
ly

 fr
om

 th
e 

ve
ge

ta
tiv

e 
li

b
dd

i
f

i
t

m
yc

el
iu

m
; b

ud
di

ng
 fo

rm
, e

.g
.s

ee
n 

in
 y

ea
st

s

C
hl

am
yd

oc
on

id
ia

C
on

id
ia

 a
ris

in
g 

fro
m

 p
re

-e
xi

st
en

t c
el

ls
 in

 th
e 

hy
ph

ae
, w

hi
ch

 th
ic

ke
n 

an
d 

g
p

yp
,

en
la

rg
e;

 m
ay

 b
e 

in
te

rc
al

ar
y,

 s
es

si
le

, o
r t

er
m

in
al

C
ol

um
el

la
Th

e
sw

ol
le

n
do

m
e

sh
ap

ed
tip

of
a

sp
or

an
gi

op
ho

re
th

at
ex

te
nd

s
in

to
th

e
Th

e 
sw

ol
le

n,
 d

om
e-

sh
ap

ed
 ti

p 
of

 a
 s

po
ra

ng
io

ph
or

e 
th

at
 e

xt
en

ds
 in

to
 th

e 
sp

or
an

gi
um



C
on

id
ia

(s
in

gu
la

r c
on

id
iu

m
) A

se
xu

al
 "s

po
re

s"
 o

f f
un

gu
s

C
on

id
io

ph
or

e
S

pe
ci

al
iz

ed
hy

ph
al

el
em

en
tb

ea
rin

g
co

ni
di

a
S

pe
ci

al
iz

ed
 h

yp
ha

l e
le

m
en

t b
ea

rin
g 

co
ni

di
a

H
ol

om
or

ph
Ta

xo
no

m
ic

 n
am

e 
in

cl
ud

in
g 

te
le

om
or

ph
ic

 a
nd

 a
na

m
or

ph
ic

 fo
rm

s 
of

 a
 fu

ng
us

; t
he

 n
am

e 
ft

h
t

l
h

l
th

ft
h

h
l

h
of

 th
e 

te
le

om
or

ph
 a

ls
o 

se
rv

es
 a

s 
th

e 
na

m
e 

of
 th

e 
ho

lo
m

or
ph

H
yp

ha
e

(s
in

gu
la

r h
yp

ha
) T

he
 fu

nd
am

en
ta

l, 
th

re
ad

lik
e 

st
ru

ct
ur

e 
of

 m
ol

ds
(

g
yp

)
,

M
et

ul
a

(p
lu

ra
l m

et
ul

ae
) S

tru
ct

ur
e 

be
lo

w
 th

e 
ph

ia
lid

e 
in

 s
om

e 
P

en
ic

ill
iu

m
an

d 
A

sp
er

gi
llu

s
sp

ec
ie

s;
se

e
fo

re
xa

m
pl

e
A

sp
er

gi
llu

s
te

rr
eu

s
sp

ec
ie

s;
 s

ee
 fo

r e
xa

m
pl

e 
A

sp
er

gi
llu

s 
te

rr
eu

s



M
yc

el
iu

m
(p

lu
ra

lm
yc

el
ia

)T
he

m
as

s
of

fil
am

en
ts

th
at

co
ns

tit
ut

es
th

e
bo

dy
of

a
m

ol
d;

m
ay

be
(p

lu
ra

l m
yc

el
ia

) T
he

 m
as

s 
of

 fi
la

m
en

ts
 th

at
 c

on
st

itu
te

s 
th

e 
bo

dy
 o

f a
 m

ol
d;

 m
ay

 b
e 

ve
ge

ta
tiv

e 
or

 a
er

ia
l (

re
pr

od
uc

tiv
e)

Ph
ia

lid
e

A 
co

ni
di

og
en

ou
s 

ce
ll 

th
at

 p
ro

du
ce

s 
co

ni
di

a 
fro

m
 w

ith
in

 it
s 

ap
ex

, w
hi

ch
 d

oe
s 

no
t 

in
cr

ea
se

 in
 w

id
th

 o
r l

en
gt

h 
du

rin
g 

co
ni

di
og

en
es

is

R
hi

zo
id

R
hi

zo
id

R
oo

t-l
ik

e,
 b

ra
nc

he
d 

hy
ph

ae
 w

hi
ch

 u
su

al
ly

 e
xt

en
d 

in
to

 g
ro

w
th

 m
ed

iu
m

; f
ou

nd
 

es
pe

ci
al

ly
 in

 Z
yg

om
yc

et
es

. S
ee

, f
or

 e
xa

m
pl

e,
 R

hi
zo

pu
s

Sp
or

an
gi

a
Sp

or
an

gi
a

A 
fru

iti
ng

 b
od

y 
w

hi
ch

 fo
rm

s 
a 

cl
os

ed
 s

ac
; s

ee
, f

or
 e

xa
m

pl
e,

 A
bs

id
ia

 , 
R

hi
zo

pu
s




